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Copy Window Setpoint Control for Domain Ei^ansion Reading 



The present invention lelates to a lecording medium, calibration melliod and 
apparatus for leadiog llie recoidiDg medii^ 

Magneto-Optical System) disc, comprising a iccording or storage layer and an e:q>ansion or . 
readout layer, wherein a copy window is dynamically controlled by varying a predetermined 
5 reading parameter in response to a control information derived fiom a readout pulse. 

In conventional magneto-optical storage systems, the minimum width of the 
recorded madcs is determined by the difiEraction limit, i.e. by the Numerical Aperture (NfA) of 
Ifae focussing lens and the laser wavelength. A reduction of the width is general 

10 shorter wavelength lasers and higher NA focussing optics. During magneto-optical recordmg, 
the Tnitiimmn bit lengb can be reduced to below the optical diffiaclion limit by using Laser 
Pulsed Magnetic Field Modulation (LP-MFM). in LP-MFM, the bit transitions are determined 
by the switching of the field and the temperature gradient mduced by the switching of the laser. 

In domain e3q)ansion techniques, like MAMMOS, a written marie with a size 

15 smaller than the difi&action limit is copied fix)m a storage layer to a readout layer upon laser 
heating with the help of an external magnetic field Due to the low coerdvity of this readout 
layer, the copied mack will expand to fill the optical sfpot and can be detected with a saturated 
signal level which is independent of the mark size. Reversal of the extemal magnetic field 
collapses the expanded domain. A space in the storage layer, on the other hand, will not be 

20 copied and no expansion occurs. Therefore, no signal will be detected in this case. 

To read out the bits or domains in the storage layer, the thermal profile of the 
optical spot is used When the temperature of the readout layer is above a predetermined 
threshold value, the magnetic domains are copied fi*om the storage layer to the magneto- 
statically coupled readout layer. This is because the stray field Hs fi:om the storage layer, which 

25 is proportional to the magnetization of this.layer, increases as a fimction of temperature. The 
magnetization Ms increases as a fimction of teniperature for the tenxperature region just above a 
oompensation temperature Tcomp* This characteristics results firom the use of a rate earfh- 
transiticm metal (RErTM) alloy which generates two counteracting magnetizations Mrb (rare 
earth component) and Mtm (transition metal component) with opposite directions. 

30 By application of an extemal magnetic field, the copied domain in the readout 

layer expands to give a saturated detection signal mdependent of the size of the original 
domain. The copying process is very non-linear. When the ten5)erature is above the threshold 
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value, magnetic domains ate coiq)led fiom the storage layer to the readout layer. For 
"temperatures aibove the threshold temperature'the following condition is satisfied: ~ 

Hs + Hext^Ho (1) 

5 

where Hs is the stray field of the storage layer at the readout layer, Hext is the external applied 
field and He is the coercive field of the readout layer. The spatial region where this copying 
occurs is called the 'copy window*. The size w of the copy window is very critical finr accurate 
readout When the condition (1 ) is not fiilfilled (copy wmdow size w = 0), no copying takes 
1 0 place at aU. On the other hand an oversized copy window will cause overly with neighbouring 
bits (madcs) and will lead to additional 'interference peaks*. The size of the copy window 
depends on the exact shape of the tenrperature profile (i,e. the exact laser power, but also the 
ambient temperature), the strength of the extemal applied magnetic field and on material 
parameters ^t may show short (or long) range variations. 
1 5 The laser power used in the readout process should be high enough to enable 

g . On the ot h er bandraJaigheiJas e r pow er als o incceases th e overi apx>£the4empetature 

induced coerdvity profile and the stray field profile of the bit pattern. The coetcivity He 
decreases and the stray field increases with increasing temperature. When this overlap becomes 
too large, correct readout of a space is no l<mger possible due to false signals generated by 
20 ndg^uring marks. The difference between this maximum and the niinimum laser powo: 
• determines the power margin, which decreases strongly with decreasing bit length. 

Experiments have shown that with the current methods, bit lengths of 0.10 pm can be correctly 
detected, but at a small power margin of less than 1%. Thus, for highest densities the power 
margin remains quite small so that optical power control during readout is essential. 

25 

In MAMMOS, the synchronization of the extemal field with the recorded data 
is crucial. Accurate clock recovery is possible by using data dependmt field switdiing. 
Furfliermore, the range of allowed laser powers for correct readout at higjh densities is quite 
small. However, this sensitivity to readout laser power can also be e5q)Ioited to achieve an 

30 accurate power control loop, i.e. dynamic copy window control, using the readout signals firom 
the recorded data. This is done by adding a small modulating con^onent to the laser power, 
thus inducing timing shifts of the MAMMOS signals. By e.g. lock-in detection of these shifts, 
any change in laser power, extemal field or ambient temperature can be corrected to keep the 
copy window constant In this way, accurate and robust readout is possible, allowing much 

35 higher densities than wilfa a conventional system. 

Fig. 2 shows some key signals far readout of MAMMOS discs in a steady-stete 
situation with constant laser power, constant ambient temperature, homogeneous disc 
properties, constant field strength, constant coil-disc distance, etc. The top graph shows the 
magnetic bits in the storage layer. The second gr^h shows the overls^ signal (convolution) of 
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tbe magnetic bit pattern and the copy window. The third grsph shows the external magnetic 

Mdj.and.the.bottomgmphshows.liie obtained MAMMOS.signa^ 

non-zero copying of domains will take place. The external magnetic field is kept high mitil a bit 
or domain is copied fi:om the storage layer and expanded in the readout layer (cf. bold lines in 
3 Fig 2). Then, after a fixed delay, the external field is reversed and the domain is collapsed until 
the next bit transition or domain copying occurs. 

Fig. 3 shows a diagram similar to Fig. 2, but now one of the paiameteis to be 
contioUed, e.g. the laser power, is mcreased deliberately, e.g. according to the above described 
dynamic copy window control feature. This increase/decrease (wobbling) is done with a 

10 predefined change pattern, e.g. a periodic pattern with a small amplitude. The wobbling caus^ 
the cq)y window to increase or decrease in size synchronously to the wobble frequency. 
Comparing Figs. 2 and 3, it becomes clear that when the copy window increases in size the 
next transition will appear somewhat earlier than e3q)ected On the other hand, when the copy 
window decreases in size the next transition will be delayed slightly. This is indicated by the 

IS phase error amplitude A4> shown in Fig. 3. 

The top part of Fig. 4 schematically shows the dependence of the copy window 
size w on the reading or readout parameter x, i.e. the laser power and/or the external field A 
modulation in the readout parameters with an amplitude Ax induces a corresponding variation 
Aw in copy window size, which directiy gives rise to a phase variation with an amplitude A4> 

20 as indicated in the bottom part of Fig. 4. This phase amplitude A<I> is a direct measure of the 
readout parameter due to the non-linear square-root-like dependence of the copy window size 
w fix)m the readout parameter x. To obtain an absolute error signal to be used as input for the 
copy window control loc^ the control method requires a suitable reference setpoint, which 
corresponds to the optimum readout parameters, e.g. external field and/or laser power. 

25 However, no methods have been proposed so &r to determine and calibrate tiiis setpoint 
A suitable setpoint could be found using a calibration procedure. However, this takes some 
time, thus increasing tiie start-up time. 



It is an object of the present invention to provide a reading system and 
30 calibration method, by means of which a suitable reference setpoint can be obtained and easily 
calibrated This object is achieved by a method as claimed in claim 1, by an apparatus as 
claimed in claim 1 3 , and by a record carrier as claimed in claim 20. 

Accordingly, by using tiie characteristic value of the phase change signal 
35 corresponding to the optimum readout parameters as a reference point, tins value does not 
depend on changes in the tempemture and can be measured very easily and accumtely using 
lock-in detection of the ou^ut of the phase detector in the clock recovery phase locked loop. 
Thus, hardly any modifications to the hardware are required. 
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Funhemoie, by the alternative or additional measuie of storing this setpoint on 
the jDecording medium, unnecessary calibratioDS can be avoided The se^oint can be pre-set in- 
&e &ctory, and only needs to be updated in the recording apparatus in case of readout 
problems, e.g. non-standard player, aging of disc or Ifae like, by perfcnming a calibration e.g. as 
5 proposed above. 

The at least one limit value may comprise a lower limit value determined by the 
occmrence of at least one missing peak in the reproduced data pattern, and an ysppet limit vahie 
determined by the occurrence of at least one false peak in the reproduced data pattern. In 
particular, the predetermined value noay be a value located between the lower and upper limit 
10 vahies, e.g. roughly in the middle between the lower and upper limit values. 

Furthermore, the predetermined reading parameter may correspond to the value 
of at least one of the radiation power and the extemal magnetic field 

The additional change pattern may be a periodic modulation pattern of a 
predetermined frequency. 

1 5 The monitored reproduced data pattern may be a predetermined and thus known 
Hflfa pa^ftm pTnviHfiH in a palihratinn area r>f the recording medium. Thereby, the amount of 

data analysis can be kept to a miniminn. As an alternative, the monitored reproduced data 
pattern may be an arbitrary user data pattern provided in a recording area of the recording 
medium, wherein the determination step can be based on a runlength violation detection. 

20 The at least one predetermined reading parameter may be passively sweeped 

from a lower value to a higher value or vice versa during the variation step, the lower value 
being lower than all possible values of the lower limit value and the higher value being higgler 
than all possible values of the upper limit value. 

Altematively, the at least one predetemiined reading parameter may be actively 

25 changed from an initial de&ult value to a lower value or to a higher value durm 

step, the direction of change being determined in response to the number of false peaks or 
missing peaks determined in the reproduced data pattern during the monitoring step. 

In both cases, flie lower limit value may be set to a value corresponding to the 
lower value if a number of missing peaks detected during the monitoring step has reached a 

30 first predetermined threshold value, and the upper limit vahie may be set to a value 

corresponding to said upper value if a number of false peaks detected during the monitoring 
step has reached a second predetermined threshold value. 

The use of the information about the number of missing or &lse peaks can be 
based on a detection of the difference between detected and expected peaks, and thus provides 

3S a quick and sin^ile control feedback. 

The calibration means of die reading apparatus may be adapted to monitor the 
data patt^ reproduced by the reading qyparatus in order to determine the predetermined 
optimum value of the at least one predetermined parameter, and to detect the characteristic 
value of the induced phase change when the optimum value of the reading parameter is q)plied 
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- As an alternative or additional measure, the reading apparatus may be arranged - . - 
to read the characteristic value &om the recording medium and to supply the characteristic 
value to the calibration means. In particular, the reading qyparatus can be arranged to read the 
S characteristic value from the recording medium based on at least one predetennined parameter 
of the recording medium. The at least one predetennined parameter of the recording medium 
may comprise at least one of a radial position and a reading velocity. Of course, the stored 
characteristic ^ue may be read in dependence on other parameters of the recording medium 
which might influence the characteristic value. Hence, Ifae characteristic value can be treated as . 
10 an intrinsic property ofthe recording medium and can be pre-set during mani^^ 

The calibration information stored on liie recording medium may define a 
plurality of reference setpoints for different values of at least one parameter of the record 
carrier. 

1 5 Other advantageous further developments are defined in the dependent claims. 

Iq tiie foUowing, the present invention win be described on 
preferred embodiments witii reference to the accompanying drawings, in which: 

Fig. 1 shows a schematic diagram of a magneto-optical disc player, according to 
20 tiie preferred embodiments; 

Fig. 2 shows a diagram indicating characteristic signals of a MAMMOS readout 
scheme for a predetermined constant copy window size; 

Fig. 3 shows a diagram indicating characteristic signals of a MAMMOS readout 
scheme for an increased copy window size leading to a liming shift of the detected MAMMO S 
25 peaks; 

Fig. 4 shows diagrams indicating dependrndes betwem a predetermmed 
reading parameter, a copy window size and a phase change; 

Fig. 5 shows diagrams indicating an allowable variation range for the reading 

parametei^ 

30 Fig. 6 shows a flow diagram of a calibration metiiod according to a flrst 

preferred embodiment; and 

Fig. 7 shows a schematic block diagram of a copy window control circuitry with 
a cahlxration fimctionality according to the first and a second preferred embodiment. 

35 The preferred embodiments will now be described on the basis of a MAMMOS 

disc player as indicated in Fig. 1 . Fig. 1 schematically shows the construction of the disc player 
according to the preferred embodhnents. The disc player comprises an optical pick-up unit 30 
having a laser li^t radiating section for kiadiation of a magneto-optical recording medium or 
record carrier 10, such as a magneto-optical disc, with light that has been converted, during 
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lecoiding, to pulses mlb a period synchronized with code data and a magnetic field q>plyjng 
section conpising a magnetic head 12 which ^lies a magnetic field in a controlled manner at 
the time of recording and playback on the magneto-optical disc 10. In the optical pick-up unit 
30 a laser is connected to a laser driving circuit which receives recording and readout pulses 
5 from a recording/readout pulse adjusting unit 32 to thereby control the pulse an^litude and 
timing of the laser of the optical pick-up unit 30 during a recording and readout operation. The 
recording/readout pulse adjusting circuit 32 receives a clock signal from a clock generator 26 
which comprises a PLL (Phase Locked Loop) circuit 

It is noted that, for reasons of sinq)licity, the magnetic head 12 and the optical 

10 pickup unit 30 are shown on opposite sides of the disc 10 in Fig. 1 . However, according to the 
preferred enibodiment, tfaey shodd be arranged on the same side of the di^ 

The magnetic head 12 is connected to a head driver unit 14 and receives, atthe 

time of recording, code-converted data via a phase adjusting circuit 1 8 fi'om a modulator 24 . 
The modulator 24 converts input recording data DI to a prescribed code. 

15 At the time of playback, the head driver 14 receives a timing signal via a 

playliar.lr flHjngliTigr c^m^^^ 9.0 irnm a timing r.imiit whfifRm the. playhflnV fldjnstitig r.iirnit 

20 generates a synchronization signal for adjusting the tuning and aniplitude of pulses applied 
to the magnetic head 1 2. The timing drcuit 34 derives its timing signal fixmi the data readout 
operatioa Thus, a data dependent field switching can be achieved. A recordin^ayback 

20 switch 1 6 is provided for switching or selecting the respective signal to be supplied to the head 
driver 14 at the time of recording and at the time of playback. 

Furthermore, the optical pick-up unit 30 comprises a detector for detecting laser 
light reflected from the disc 10 and for generating a corresponding reading signal applied to a 
decoder 28 which is arranged to decode the reading signal to generate output data DO. 

25 Furbermore, tbe reading signal generated by the optical pick-up unit 30 is supplied to a clock 
generator 26 in \diich a clock signal obtained fiom embossed clock nsaiks of the disc 10 is 
extracted or recovered, and which supplies the clock signal fiir synchronization puxposes to the 
recording pulse adjusting drcuit 32 and to the modulator 24. In particular, a data channel clock 
may be generated in the PLL circuit of the clock generator 26. It is noted that the clock signal 

30 obtained fit)m the clock generator 26 may as well be supplied to the playback adjusting circuit 
20 to thereby provide a reference or fellback synchroiiization which may support the data 
dependent switching or synchronization controlled by the timing circuit 34. 

In case of data recording, the laser of the optical pick-up unit 30 is modulated 
with a fixed fiiequency corresponding to the period of the data channel clock, and the data 

35 recording area or spot of the rotating disc 10 is locally heated at equal distances. Additionally, 
the data channel clock ou^ut by the clock generator 26 controls the modulator 24 to generate a 
data signal with the standard clock period. The recording data are modulated and code- 
converted by the modulator 24 to obtain a binary run lengtii information corresponding to the 
mfotmation of tiie recording data. 
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The structure of the magneto-optical lecordmg medium 10 may conespond to 
fibte stmctoe descnTjed in the JP-A-2W^^ 

In Fig, 1, the timing circuit 34 is provided for supplying a data dependent timing 
signal to the playback adjusting circuit 20. As an altemative, the data dependent switching of 
S the external magnetic field may as well be achieved by supplymg the timing signal to the head 
driver 14, so as to adjust the timing or phase of the external magnetic field. The timing 
in&mna&m is obtained firom the (user) data on the disc 10. To achieve this, the playback 
adjusting circuit 20 or the head driver 1 4 ate ad^d to provide an external magnetic field 
\^chis nQm:ially in the expansion direction. When arising signal edge of aMAMMOS peak 

10 is observed by the timing circuit 34 at an hxput line connected to the ou^ut of the optical 
pickup unit 30, the timing signal is siqpplied to the playback adjusting circuit 20 such that Hxe 
head driver 14 is controlled to reverse the magnetic field after a short time to collapse the 
expanded domain in the readout layer, and shorfly after that reset the magnetic field to the 
expansion direction. The total time between the peak detection and the field reset is set by the 

IS timing circuit 34 to correspond to the sum of the maximum allowed copy window and one 
channel bit length on the disc 10 (times tiie linear disc velocity). 

Furtiiennore, a dynamic copy window control fimction is provided by {^plying 
a modulation, e.g. wobble or change pattern, to tiie laser power control signal and continuously 
measuring the size w of the copy window usmg information fiiom the detected data signal in the. 

20 read mode. When the wobble fiiequency lies above the bandwidth of the clock recovery PLL 
circuit of the clock generator 26, the phase error of this PLL circuit can be used to detect the 
small deviation or phase error fi:om the e>q)ected transition position. 

The firequency deviation of the introduced wobble or change pattem should 
have a zero average value. However, the antplitude A<> of the phase error obtained here cannot 

25 be used yet as an absolute error signal for laser power control as ooiy the absolute scale is 
known, but no reference (zero or of&et) is present I.e., only changes m the size of the copy 
window can be measured. To cicumvent this problem, the derivative of tiie copy window size 
w as a fimction of temperature can be measured to obtain a control information for controlling 
the size w of the copy window. Due to the fact that the derivative or amount of change of the 

30 copy window size w directty leads to the phase amplitude A* the amplitude A$ of the detected 
phase error corresponds to the derivative and can thus be used for copy window control. As a 
reference condition, this amplitude A<l> of the phase error must fiilfil an initially determined set 
omdition or setpomt The deviation from this se^oint tiien can be used as a control signal PE 
for the laser power control procedure or for controlling any other suitable reading parameter, 

35 e.g. strength of the external magnetic field 

Any changes m the size of the copy window due to changes in parameters, such 
as coil-disc distance, ambient temperature, etc., are counteracted by the controlled parameter, 
e.g. laser power in the present example. 
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However, because the w vs x curve shown in Fig. 4 will shift horizontally 
depending on the ambient t^petafiire, e.g;if the temperature m Ibe drive changes during 
operation, it is not sufficient to store 'optimum' values for the laser power and the external 
field. These 'optimum' values will be diflferent at a different temperatures. Moreover, absolute 
5 measurements of these values are fer firom trivial in a drive. The detectors and probes used for 
this purpose ate prone to drift and need calibration as well. According to the preferred 
embodiments, it is Urn proposed to use the phase amplitude corresponding to the optimum 
readout paiameteis as a refe:ence point This value does not depend on changes in the 
temperature and can be measured very easily and accurately using lock-in detection of the 
10 output of the phase detector in .lfae clock recovery PLL circuit of the clock g^erator 26. 

Fig. 5 shows a diagram similar to flie lower part of Fig. 4, wherein Hie range of 
readout parameters for correct readout is indicated between xl and x2, where xl is defined as 
the lower limit of the correct readout parameter and x2 as the upper limit. For example, within 
a lower forbidden area 101, tiie laser power is lower than xl and mark run lengths will yield 
1 5 less MAMMOS peaks than expected Similarly, within an upper forbidden area 1 02, the laser 
power is higher than x7 and will yield additional false, peaks. 

Fig 6 shows a flow diagram of a calibiation method according to the first 
preferred embodiment. In the proposed calibration me&od, the limits xl and x2 are first 
20 determined in step S201 by varying the readout parameters wMle monitoring and analyzing the 
reproduced data patterns. No modulation Ax is used and the window control loop is not closed, 
i.e. the copy window control is not active. Then, m step S202, the readout parameter is set to a 
value between xl and x2, preferably around (xl+x2)^. In the following step S203, a fixed 
modulation Ax is applied, as in a case when the control loop is active, and the corresponding 
25 phase amplitude A$ is measured. This measured phase amplitude A4> is then used as the new 
setpoiat value SP, which can be used to (re-)aGtivate the copy window control loop. 

In the disc player shown in Fig. 1, a corresponding calibration circuit 290 is 
provided, which is adapted to determine the setpoint value SP for the clock generator 26. 
According to the first preferred embodiment, this setpoint value is determined by using the 
30 calibration procedure of Fig. 6. As an alternative or in addition thereto, according to the second 
preferred embodiment, the setpoint value SP may be pre-stored on the disc to be read and 
siq)plied to tiie calibration circuit 290. 

Fig. 7 shows a more detailed fimctional block diagram of the copy window 
control fimctionality with Ihe control signals of the calibration circuit 290. Blocks 261 to 265 
35 constitute Ihe PLL part, and blocks 274 and 276 constitute a lock-in detection fimction, i.e. 
multiplication of the signal by a modulati(m fiiequency causes sum and difference fi:equencies, 
followed by low pass fiOitering gives a DC value, i.e. equivalent of lock-in. The corresponding 
calibration control signals of Ihe first preferred embodiment are indicated by dashed Hues. 
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Similar block diagrams can be made for a copy window control method based 
on modulation of the external field or a combination of laser and field Then, the control signal - 
PE could be additionally or solely supplied to the head drive unit 14. 

In Fig. 7, Ibe detected MAMMOS run length signal ou^ut fi-om the pickup unit . 
5 30 of Fig. 1 is supplied to a phase detector 261 of the PLL circuit of the clock generator 26 of . 
Fig. 1, in which the phase of the run length signal is compared to the phase of an output signal 
of a voltage controlled oscillator (VCO) 263 of the PLL circuit Additionally, the feedback 
signal is supplied to a clock divider 275 which divides the clock fisquency and supplies it to a 
modulation dicuit 279 for laser power modulation. The output of the phase detector 261 which 
10 corresponds to the phase difference between the run length signal and the feedback signal is 
supplied to a loop filter 262 for extracting the desired fi^quency to be phas w;ontrolled in the 
PLL dicuit. 

Due to the data dependent field switching, the high-fi-equency components of 
the phase error fi:om the phase detector 261 contain the pulse positions of the reproduced data, 

15 When flie laser power is modulated at a firequency M times lower than the bit clock, flie phase 
effor fix)m the phase detector 261 contains synchronous, low-fisquency laser power error 
infiMmation, which is demodulated by a demodulation or mixing chcuit 274, to which the lasCT 
modulation signal at the output of the clock divider 275 is supplied, and extracted usmg a 
lowpass filter 276. The combination of the mixing circuit and the low-pass filter are the 

20 equivalent of a bandpass filter around the modulation fiiequency, i.e. *lock-in' detection. The 
extracted phase error signal is then supplied to an adding circuit 272 where the setpoint value 
, SP is added and the obtained sum value is used as the control signal PE for power control, 
which is supplied to an averaging circuit 280, e.g. a filter or integrator circuit, to obtain an 
averaged power control signal ALP to be added to the laser power modulating signal at an 

25 additional adding drcuit 278. The combmed power control signal is supplied via a driving 
anqplifier 277 to flie lasCT diode of the pickup unit 30 of Fig. 1. 

The laser modulation also causes the pulse positions to shift dq)ending on tiie 
sign of tiie modulation, as illustrated in Fig. 3, This means tiiat the average pulse position in 
subsequent low periods and in subsequent hi^ periods is no longer DC-fiee. 

30 For the determination of xl and x2 (step 201 in Fig, 6) by the calibration circuit 

290, diCferent approaches are possible. Calibmtion areas with a known data pattern provided on 
the disc 10 Iseep the data analysis to a nunimum, since any deviation in the detected number of 
peaks, i.e. too few below xl, too many above x2, is direcfly clear. Calibration on user data is 
also possible in principle, but robust run lengfli violation detection requhes special precautions 

35 and/or longer data sequences, leading to a slower cahT)ration procedure. Therefore, fixed 
calibration patterns seem preferable. 

The variation in readout parameter at the calibration circuit 290, e.g. laser power 
LP and/or field amplitude FA as indicated by flie dotted arrows in Fig. 7, can be either passive 
or active. In the passive case, tiie parameter is swept from a lower to a higher value, or vice 
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versa, whfle the leproduced data is analyzed. This sweep can be continuous or in steps 
conesponding to the required accuracy. The lower value should always be lower flian xl and 
tihe hi^er vahie should always be higher than x2, ie. for aU allowed temperatures and disc 
properties, for example. During the sweep, the current readout parameter vahie is stored in xl 

5 as soon as fihe transition from 'too few peaks' to 'OK' is detected, or vice versa for the high-to- 
low sweep, aad it is stored in x2 as soon as the transition from 'OK' to 'too many peaks* is 
detected, or vice versa fiw the high-to-low sweep. 

An emaple of an active sppasaiiAk ^eie flie change in readout parameter 
dqwnds on the detected data, is to start e.g. from a preset value which na^ have been 

10 detamined and set fijr iJie readout parameter during manufictapng of flie disc 10. Depending 
on the reproduced data, ie. too few, OK or too many peaks, flie parameter is either increased or 

• • decreased; continuously or in steps, until a transition is detected and eitiier xl or x2 is stored. 
Then tiiis procedure is repeated to find tiie second tiansition. For example, after detection of xl 
on an increase of x, wherem tiie starting point was below xl, x is fiirflier increased until x2. 

1 5 Similarly, after x2 on a decrease of x, wherein tiie starting point was above x2, x is farflier 

decreased until xl 

The proposed calibration procedure tims provides an accurate determination of 
the se^oint agnal using the existing hardware, and a way how to cahTjrate it to tiie optimum 
' readout parameters. 

20 Since flie difference in tiie number of detected and esipected peaks is a (non- 

linear) measure of flie deviation from the optimum readout parameter, tiiis information can be 
used to quickly provide a coarse correction of the readout parameter value. 

For RF-MAMMOS in which flie external field is changed at a higji fiequency, 
copy wmdow control is essential fiw high densities at pactical margins. As aheady proposed 

25 above, the phase amplitude induced by flie readout parameter modulation is a suitable setpomt, 
which can be feund using the simple calibration procedure described in connection wifli the 
first preferred embodiment. However, fliis calibration procedure takes some time and flius leads 
to an increased stiact-up time. Moreover, such a setpoint is usually found to vary as a function of 
flie disc's radius due to a non-uniformity in disc conqrasition, different linear velocities or tiie 

30 like, vMch result in different fliermal profiles, so tiiat regular reoHbration might be required 
during playback. 

According to Fig. 4, tiie relation between a fixed, ^lied modulation m the 
readout parameters wifli an an^Ktude Ax and tiie resultii^ copy window change A* and 
correspondhig phase an^litude A* completely determined by tiie dependence of the copy 
3 5 window size w on Am readout parameter x. The shape of flie curve shovm in tiie iqpper part of 
Fig. 4 is defined by tiie fliermal profile induced in flie disc 10 and by its magnetic propaties, 
mainty tiie readout leer's coercivity versus temperature. Oflier effects like ambient 
ten^ature or external fidd stisogfli result in a horizmtal diift but flie sh^e stays constant 
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Hence, such a shift will change Ihe value of the optimum readout parameters, but the phase. . 
- ampHtude selpoint value SP will alAvays correspond to t^^ in readout parameters. 

The thermal proffle is fixed by the qptics, i.e. laser wavelength and numerical 
aperture of the objective lens, and the pre-scribed linear disc velocity, which are standardized 
S and therefore accurately specified, and by the disc's layer stack. This means that the phase . 
amplitude setpoint value SP can be treated as an intrinsic property of the disc. 

Hmce, in the seccmd prefetced embodiment^ it is proposed to store/update Ibis 
se^oint or possibly separate se^oints on the disc 10 for at least one of diflferent radii, different 
velocities and other suitable disc parameters which influence the se^int, so that calibration 
10 only needs to be done in case of une^^ected problems. Unnecessary calibmtions are therefore 
avoided The setpoint value SP can then be pre-set in the fectory during manufecturing of the 
disc 1 0, and only needs to be iipdated in the disc player in case of readout problems (e.g. non- 
standard player, agmg of disc) by performing a calibration e.g. as described in the first 
preferred embodiment. 

1 S Because Ifae magnetic properties ate hig^ dependent on die layer coniposition 

and strict radial unijfonmty is difiBcult to acUev^ 

values fiir different radial positions or ranges thereof Such an approach is also useftd to define 
separate se^omt values for different linear velocities or velocity ranges, e.g. in case of a 
constant angular velocity (CAV) or zoned CAV operatioa 

20 According to the second preferred embodiment, the calibration circuit 290 is 

arranged to obtain the de&ult or preset setpoint value(s) from the disc 10 based on an initial 
readout operation. En case of several se^oint values, the calibration circuit 290 may be 
arranged to select the current setpoint value SP in dependence on Hie prevailing disc property, 
e.g. radial position or angular velocity. 

25 It is noted that the present invention can be applied to any reading system for 

domain e^^ansion magneto-optical disc storage systems, in which a copy window control 
function is used Any suitable reading parameter can be varied during the calibration procedure 
to obtain the optimum setpoint value SP. Furthermore, any suitable change pattern can be 
applied to the selected reading parameter so as to derive the upper and lower limit values xl 

30 and x2, or more or even only a single linait values, based on which the optimimi setpoint value 
SP can be obtained The calibration circuit 270 may be implemented by a hardware circuit or a 
software controlled analog or digital processing circuit, or may be incorporated as a new 
routme of an existing control program for controlling flie disc player. The preferred 
embodiments may thus vary within the scope of the attached claims. 

35 
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CLAIMS: 



1 , A calibration method for calibration of a copy window control setpoint during 

readout of a magneto-optical recording medium (10) comprising a storage layer and a readout 
layer, wherein an expanded domain leading to a readout pulse is generated in said readout layer 
by copying a mark region from said storage layer to said readout layer upon heating by a 
5 radiation power with the help of said external magnetic field, said method comptising the steps 
of: 

' a) Varying at least one inedetennined ' 

b) monitormg a data pattern rq)roduced during said variation step; 

c) determining at least one limit value for said at least one predeteoninedreadm 
10 parameter based on said monitored data pattern; 

^--settog-said-at4east^ne-readiBgfarafflet€3F40-a-fiedetei^ 

basis of said limit value; 
e) applying a predetermined additional pattern of change to said predetennine^ 

and 

IS f) using a characteristic value of a phase change induced to said rqxroducedda^ 
by said ad(Utional pattern of change as said control setpoint 

2; A method according to claim 1 , wherein said at least one limit value comprises 

a lower limit value (xl) determined by the occurrence of at least one missing peak in said 
20 reproduced data pattern, and an upper limit value (x2) determined by the occurrence of at least 
one &lse peak in said reproduced data pattern. 

3.. A method according to claim 1 ar2, wherein said characteristic value 

torresponds to the aniplitude of said phase changp. 

25 ' ^ ' ' 

4; A method according to claim 2, wherein said predetermined value is a value 

located between said lower and upper limit values. 

5. A method according to claim 2 or 4, wherein said predetermined value is value 

30 roughly located in the middle between said lower and upper limit values. 
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6. A method according to any (me of the piecedmgclain^ 

piedetennmed reading parameter corresponds to at least one of the value of said radiation 

power and said external magnetic field 

5 7, A method according to any one of the preceding claims, wherein said additional 

change pattern is a periodic modulation pattdn of a predetermined ftequency. 

8. A method accoiding to any one ofthe preceding claims, wherein said 
reproduced data pattem is a ptedetermined data pattem provided in a calibration area of said 

10 recording medium (10). 

9. A method according to any^ one of claims 1 to 7, wherein said reproduced data 
pattem is an arbitrary user data pattem provided in a recording area of said recording medium 
(10), and wherein said determination step is based on a runlength violation detection. 

15 

10. A method accordmg to any one of the preceding claims, wherdn said at least 
one predetermined reading parameter is passively sweeped fiom a lower value to a higher value 
or vice versa during said variation step, said lower value being lower than all possible values of 
said lower limit value (xl ) and said higher value being higgler than all possible values of said 

20 upper limit value (x2). 

11. A method according to any on of claims claim 1 to 9, wherein said at least one 
predetermined reading parameter is actively changed from an initial de&ult value to a lower 
value or to a higher value during said variation step, the direction of change being determined 

25 in response to the nuruber of &lse peaks or missing peaks determined in said reproduced data 
pattem during said monitoring stq). 

12. A method according to claim 10 or 11, wherein said lower limit value (xl) is set 
to a value corresponding to said lower value if a number of missing peaks detected during said 

30 monitoring step has reached a first predetermined threshold value, and said upper limit value 
(x2) is set to a value corresponding to said upper value if a number of £ilse peaks detected 
during said monitoring step has reached a second predetmnined threshold value. 

13. A reading apparatus for reading fix)m a magneto-optical recording medium (10) 
3 5 comprismg a storage layer and a readout layer, wherein an expanded domain leading to a 

readout pulse is generated in said readout layer by copying a mark region fix)m said storage 
layer to said readout layer upon heating by a radiation power with the help of an external 
magnetic field, said apparatus comprising: 
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a) contcol means (30, 32) for contiolling the size of a spatial copy window of said copying 
proc(MS by vaiirag at leart 

control infonnation derived from said readout pulse; 

b) change means (32) for applying a predetermined additional pattern of change to said at 
S least one predetermined parameter; and 

c) calibration means (290) for using a characteristic value of a phase change induced to a 
reproduced data pattern by said additional pattern of change as a reference setpoint for 
said control means (30, 32). 

10 14. A reading q)paiatas according to claim 13, wherein said caUhration means 

(290) is adi^ted to monitor said data pattern reproduced by said reading apparatus in order Id 
determine a predetermined optimum value of said at least one predetermiiied parameter, and to 
detect said characteristic value of said induced phase change when said optimum value of said 
reading parameter is applied. 

15 ' 

1^ A fftaHiTig flp paralng flr^^nfting fn cMm wherdn said reading apparatus IS 

ananged to read said characteristic value from said recording medium (1 0) and to supply said 
characteristic value to said calibration means (290). 

20 16. A readiDg ai^paratus according to claim 15, wherein said reading apparatus is 

arranged to read said characteristic value from said recordiag medium (1 0) based on at least 
one predetermined parameter of said recording medium (10). 

17. A reading appamtus according to claim 16, wherein said at least one 

25 predetermined parameter of said recording medium (10) comprises at least one of a radial 
position and a reading velocity. 

. 18, A reading s^yparatus according to any one of clairns 13 to 17, wherein sai^ 

characteristic value corresponds to tiie anq^litude of said phase change. 

30 

19. A readiQg apparatus according to any one of claims 13 to 18, wherein said 
' reading ^aratus is a disc player for MAMMOS discs. 

20. A recording medium conQ)rising a storage layer and a readout layer, wherein an 
35 e^qpanded domain leading to a readout pulse is generated in said readout layer by copying a 

mark region from said storage layer to said readout layer upon heating by a radiation power 
witii tiie help of an external magnetic field, said recordiag medium (10) having written thereon 
a calibration information defbtiing a re&rence setpoint far controlling the size of a spatial copy 
window of said copying process. 
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21. - Arecording medium according to claim 20, 

infomiation defines a plurality of reference setpoinis for difiPeient values of at least one 
parameter of said recording medium (10). 

5 

22. A recording medium according to claim 21, wherein said at least one 
predetermined parameter of said recording medium (10) comprises at least <me of a radial 
position and a reading velodtjr. 

10 23. A recording medium according to any one of claims 20 to 22, wherein said 

characteristic value corresponds to a phase amplitude of a data pattern reproduced ftom said 
recording medium (10). 

24. A recording inediumaccordmg to any one ofclaiins 20 to 23, further 

1 5 conqmsing a cahTwation area with a predetermined data pattern fijr caBhmtion of said reference 
se^int 

25. A recording medium according to any one of claims 20 to 23, finther 
comprising a calibration area with an arbitrary user data pattern for calibration of said reference 

20 setpoint 

26. A recording mediimi according to any one of claims 20 to 25, wherein said 
recording medium is a MAMMOS disc (1(^. 
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ABSTRACT: 



The present invention relates to a recording medium, calibration mefliod and 
apparatus for reading the recording medium, wherein flic size of a spatial copy window of a 
domain awmgprocess is controUed by varyingatleastonepredelennin^ 
in response to a conJrol information derived fiom a readout pulse, and by applying a 
predeteimined additional pattern of change to said predetermmed parameter. A characteristic 
value, e.g. phase arapUtude, of aphase changp induced to a reproduced data pattern by said 
additibiial pattern of change is used as a reference s#oint for copy window control. The data 
pattern reproduced by said reading apparatus may be monitored in order to determine a 
predetermined optimum value of the at least one predetermined parameter and to detect the 
characteristic value of said induced phase change when the optimum value of said reading 
— parameteHS^Ued^^sm altemativp, the characteristic may be stored on the recording 



medium. TTiereby, a setpomt signal is provided, whid» can be measured accurately. Moreover, 
if the se^Mint value is stored as an intrinsic properly on the reoordmg meffi 

calibration operations can be significantly reduced 
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